Soil quality of abandoned agricultural terraces managed with prescribed fires and livestock in the municipality of Capafonts, Catalonia, Spain (2000-2017) by Ubeda, Xavier et al.
agronomy
Article
Soil Quality of Abandoned Agricultural Terraces
Managed with Prescribed Fires and Livestock in the
Municipality of Capafonts, Catalonia, Spain
(2000–2017)
Xavier Úbeda 1,*, Meritxell Alcañiz 1, Gonzalo Borges 1, Luis Outeiro 2 and Marcos Francos 3
1 Department of Geography, University of Barcelona, Montealegre 6, 08001 Barcelona, Spain;
meritxellalpu@gmail.com (M.A.); gonzaloborgespereira@gmail.com (G.B.)
2 Department of Applied Economy, Universidad de Santiago de Compostela,
15705 Santiago de Compostela, Spain; louteiro@gmail.com
3 Departamento de Ciencias Históricas y Geográficas, Universidad de Tarapacá, 18 de Septiembre, 2222,
Arica 1010069, Chile; marcosfrancos91@gmail.com
* Correspondence: xubeda@ub.edu; Tel.: +34-93-403-7892
Received: 14 May 2019; Accepted: 21 June 2019; Published: 25 June 2019


Abstract: The abandonment of the economic activities of agriculture, livestock, and forestry since
the second half of the 20th century, in conjunction with the exodus of inhabitants from rural areas,
has resulted in an increase in the forest mass as well as an expansion of forest areas. This, in turn,
has led to a greater risk of forest fires and an increase in the intensity and severity of these fires.
Moreover, these forest masses represent a fire hazard to adjacent urban areas, which is a problem
illustrated here by the village of Capafonts, whose former agricultural terraces have been invaded
by shrubs, and which in the event of fire runs the risk of aiding the propagation of the flames from
the forest to the village’s homes. One of the tools available to reduce the amount of fuel in zones
adjoining inhabited areas is prescribed burns. The local authorities have also promoted measures to
convert these terraces into pasture; in this way, the grazing of livestock (in this particular instance,
goats) aims to keep fuel levels low and thus reduce the risk of fire. The use of prescribed fires is
controversial, as they are believed to be highly aggressive for the soil, and little is known about
their long-term effects. The alternation of the two strategies is more acceptable—that is, the use of
prescribed burning followed by the grazing of livestock. Yet, similarly little is known about the effects
of this management sequence on the soil. As such, this study seeks to examine the impact of the
management of the abandoned terraces of Capafonts by means of two prescribed fires (2000 and 2002),
which were designed specifically to prevent forest fires from reaching the village. Following these
two prescribed burns, a herd of goats began to graze these terraces in 2005. Here, we report the results
of soil analyses conducted during this period of years up to and including 2017. A plot comprising
30 sampling points was established on one of the terraces and used to monitor its main soil quality
properties. The data were subject to statistical tests to determine whether the recorded changes were
significant. The results show modifications to the concentration of soil elements, and since the first
prescribed burn, these changes have all been statistically significant. We compare our results with
those reported in other studies that evaluate optimum soil concentrations for the adequate growth of
grazing to feed goats, and conclude that the soil conditions on the terrace after 17 years are optimum
for livestock use.
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1. Introduction
Fire is a widespread phenomenon throughout our planet, and moreover, it is an ecological
factor in many ecosystems [1]. In the ecosystem of the Mediterranean basin, the role played by
fire is especially important given the region’s climate and the inflammable nature of its vegetation.
Indeed, some Mediterranean plants have developed reproduction strategies that are dependent on
fire. This explains why some Mediterranean fires should be considered part of the natural process [2].
However, today, forest fires present themselves as a problem due to the socioeconomic changes suffered
by the region, primarily those associated with the depopulation of rural areas and the abandonment
of the silvoagricultural economy over recent decades [3]. Forests have replaced what used to be
agricultural fields, increasing plant cover and the spatial continuity of the vegetation, and as a result
modifying the fire regime and increasing the risk of forest fires [4]. In short, the accumulation of fuel in
Mediterranean forests has become a significant environmental problem [5].
Since the beginning of the 21st century, there has been a need to manage the landscape to avoid
large forest fires and minimize their impact at all levels [6]. In this regard, fire management strategies
can reduce the fuel load of forests [7]. Two such strategies, prescribed fires (PFs) and prescribed grazing,
allow these objectives to be achieved without them having dramatic consequences for the environment.
In Catalonia, PFs have been widely employed since 1999; the aims are diverse and dependent on
the type of landscape requiring management. Usually, however, the aim has been to reduce the
accumulation of fuel in the forest due to the abandonment of forestry, agricultural, and livestock
activities over the preceding century [8]. Additionally, the effects of the wind, in combination with
certain plant diseases, have led to the accumulation of dead wood in forest areas [9]. In Catalonia,
the team responsible for implementing this particular management strategy is the Forest Action
Support Group (GRAF in its Catalan acronym), which is part of the Catalan Government’s body
of firefighters.
A further objective of PFs is the need to reduce fuel loads that have accumulated around inhabited
nuclei, especially on former agricultural terraces in the immediate vicinity of villages or towns. Here,
the aim is to ensure that the wildfire does not reach the village by eliminating the fuel that can help
propagate the fire from the forest to the houses, that is, by creating a firebreak [10].
As stressed above, the abandonment of livestock farming in rural areas has been widespread in
many countries. However, these earlier livestock practices served as an efficient control mechanism,
as grazing animals not only consumed the vegetation, they also trampled down grasses and plants.
In recent years, government agencies have sought to encourage new generations to return to livestock
farming—not always, but sometimes, by offering financial aid—for reasons of fire prevention (one such
association is known as Ramats al Bosc [11]).
As PFs have become more commonplace, their potential effects on a soil’s physical, chemical,
and biological properties have been widely studied (for a review, see [12]). These effects, in common
with those of wildfires, depend on a range of factors and combinations of variables that include fire
intensity, soil type, vegetation, land use, and a site’s recent management history [13]. Moreover, in the
specific case of wildfires, volatilization and the addition of elements, in part due to ash, are important
for understanding changes in soil composition [14]. In short, the literature reports a broad range of
effects—although not necessarily negative—on the physical, chemical, and biological properties of
a soil [12].
Despite the research conducted to date, some questions have yet to be fully addressed. For example,
how often can a PF be set in a given ecosystem without causing irreparable damage to its soil parameters?
Does the alternation of PF and livestock grazing constitute an effective sequence for managing areas
of grazing?
Landscape managers, researchers, and even the public fail to agree on the right frequency of PFs
and whether, indeed, this practice is the best management tool that can be applied [15]. Alternatives,
most notably mechanical management employing heavy machinery, are expensive, and forest owners
are usually unwilling to spend money if they have no guarantee that they can ultimately make a profit.
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Here, to understand the scale of the problem, it should be born in mind that in Catalonia, 65% of the
territory is forest, and 80% of the property is under private ownership.
The reintroduction of livestock into rural areas has been seen as a natural way to manage the
accumulation of forest fuel [16]. In this regard, many actions have been promoted in Catalonia seeking
the repopulation of sparsely inhabited areas—including, for example, the opening of a center to
train shepherds and the provision of a government subsidy to purchase cattle—while initiatives have
been taken to promote rural economies and recover and manage abandoned agricultural terraces
and scrubland.
The impact of livestock farming on soils has been quite widely studied in Spain’s dehesa
ecosystems—that is, extensive grassland areas on which large ruminants (primarily, cattle) and
pigs are set to feed [17]. More specifically, these studies have examined the impact of trampling on
the soil’s physical parameters: i.e., compaction, hydrophobicity, bulk density, and erosion problems
associated with these surface changes. However, few studies to date have examined the impact of small
ruminants—sheep and goats—on a soil’s chemical properties. Here, we go some way to rectifying
this by identifying the consequences of the reintroduction of livestock on the soil characteristics of the
abandoned terraces of the village of Capafonts in a long-term study that spans a period of 17 years.
Capafonts has undergone a process of rural abandonment, its population falling from 400 at
the beginning of the 20th century to 100 by the end [18]. This was accompanied by a shift in the
predominant economic sector in which its inhabitants were employed, with the primary sector
(agriculture–livestock–forestry) losing importance to the tertiary (services, primarily rural tourism) [19].
These social changes have been accompanied by a negative impact on the local environment: the forests
have expanded and the tree density has increased, above all, with the abandonment of the terraces on
which the almond trees were tended [20].
The village of Capafonts stands on a hill and was formerly surrounded by agricultural terraces.
However, today, these have been abandoned to herbs and bushes. The vegetation that now surrounds
the village makes it highly vulnerable to fire. Indeed, a wildfire in the forests of the Prades Mountains
could easily be propagated to the village as a result of the inflammable vegetation on the terraces
(Figure 1). In 2000, to eliminate this risk, firefighters set a PF to burn the vegetation on these terraces
and create a firebreak around Capafonts. A second PF was set two years later, in 2002. Since that date,
no more interventions have been taken on these terraces.
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significantly, for our study here, the livestock began to graze on the terraces of the former almond
groves, which had finally been abandoned in 2004.
The new farmers do not own these terraces, but there are no restrictions on their using them for
grazing. Indeed, the original owners appear to have lost any interest in staking claim to them many
years ago. In recent years, this farming family has bought various hectares of forest to convert into
grazing land for their animals. As a result, the current land use of these terraces is grass pasture.
This study provides novel information about the use of PFs as a long-term management tool.
The use of this type of management practice combined with controlled grazing is common in
Mediterranean forest environments, such as those found in Catalonia, but few studies of their impact
have been carried out to date, and so, few details are available about their effects. The specific objective
of this study is to determine the soil conditions on these abandoned terraces after 17 years of fire
management—which was designed to create a firebreak around Capafonts—and after more than
a decade of goat herding; as such, it represents a significant advance in studies of this type.
2. Materials and Methods
Capafonts, a municipality in the province of Tarragona (NE Spain), provides a classic example of
rural abandonment that was initiated in the final decades of the 20th century, a process not unlike that
which affected many towns and villages in the developed world. The traditional forestry practices
involving the extraction of wood and charcoal from the oak woodlands were discontinued, and the
farmers gradually abandoned their rain-fed crops and livestock grazing (primarily, goats in this area).
The municipality of Capafonts lies in the Prades Mountains in the province of Tarragona (NE Iberian
Peninsula). It has a population of 102 inhabitants (2017) and occupies an area of 13.27 km2. Our study
plot is at an altitude of 740 m a.s.l. and was burnt for the first time on 25 February 2000.
Capafonts has an average annual rainfall of 712 mm, with autumn and spring maxima,
and an average annual temperature of 12 ◦C. The substrate is calcareous and the soil is
Xerorthents [22]. Until the first half of the 20th century, the municipality’s terraces were planted
with almond trees. Following their abandonment, the vegetation that emerged was a grass species
(Brachypodium phoenicoides L.), which reached heights of around one meter. The plant cover was
homogeneous and quite dense, and represented a considerable fire risk, as it could serve to propagate
flames from the forest to the village.
The physical characteristics of the soil in terms of its particle sizes are as follows: 34.14% sands,
31.84% silt, and 34.02% clays, with 53.6% of the soil comprising coarse elements (>2 mm).
The sampling design was based on a 4 m × 18 m grid, with 30 sampling points set at 2-m intervals.
This experimental design without replicates, including that of the control area, was previously used
and described by Francos et al. [9] and Alcañiz et al. [15]. The large number of samples taken at each
sampling ensures the reliability of our statistical outcomes. Sampling was conducted before and just
after the prescribed fire. An additional sampling was completed one year after the prescribed fire
of 2000. A second prescribed fire was set in 2002 two years after the first PF. We sampled the soil to
determine the impact of repeating the fire management exercise. In 2004, four years after, another
sampling was conducted to determine the changes that had taken place in the soil and, from that
year onwards, a herd of goats was set to graze on this plot. A final sampling was conducted in 2017,
17 years after the first prescribed fire.
The sampling design used in this study is the same as that described for the Montgrí plot (see [15]).
Soil samples were taken from the top layer (0–5 cm) at each of the 30 sampling points using a small pick.
Then, ash was removed, and the sample was air dried in the laboratory and sieved to obtain a <2 mm
fraction. Soil pH [1:2.5] was analyzed following extraction with deionized water and measured with
a pH meter [23]. Soil organic carbon (OC) was measured using the loss-on-ignition (LOI) method
described in [24]. Total N was determined by elemental analysis (NaA2100 Protein Nitrogen Analyser).
Available P was analyzed using the Olsen Gray method [25]. Exchangeable cations, Ca2+, Mg2+,
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and K+ were analyzed by ammonium acetate extraction [26] and determined by atomic absorption
spectrophotometry. CaCO3 was analyzed with a Bernard calcimeter.
Before conducting the statistical analyses, data normality and homogeneity were checked using
a Shapiro–Wilk and Levene test. All the data followed a Gaussian distribution and presented
homogeneity of variance. Thus, we applied a one-way ANOVA test, and significant differences were
identified at p < 0.05. Tukey’s post-hoc test identified significant differences between sampling moments.
A redundancy analysis (RDA) was carried out to identify the variations between the different sampling
moments. The soil properties included were pH, OC, N, Ca2+, Mg2+, K+, and CaCO3. These analyses
were carried out using SPSS 20.0 and Canoco for Windows 4.5.
3. Results
We show the soil chemical results from the six sampling periods in Table 1, and also report
statistically significant increases or decreases in these properties by means of the p-values from
a one-way ANOVA.
Almost all the soil parameters analyzed here increased after the first PF; however, a year later,
these values had fallen. The second PF caused slight increases in soil calcium, magnesium, potassium,
and phosphorus, but organic carbon and nitrogen levels did not rise. At the end of the study in
2017, there was considerable variation in the soil parameters compared to their initial values, and our
objective here is to determine (see Section 4.6 for details) whether the soil quality is optimal for
sustaining grazing.
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Figure 2. Redundancy analysis (RDA) showing the relation between factors 1 and 2. pH, organic carbon
(OC), nitrogen (N), Ca2+, Mg2+, K+, P2O5 and CaCO3. Before the prescribed fire (BPF), after the
prescribed fire (APF), one year after the prescribed fire (1YAPF), two years after the prescribed fire
(2YAPF), four years after the prescribed fire (4YAPF), and 17 years after the prescribed fire (17YAPF)
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Table 1. Minimum, maximum, mean (in bold), Prescribed Fire (PF), standard deviation (SD), variance,
and standard error (SE) values before the prescribed fire (BPF), after the prescribed fire (APF), one year
after the prescribed fire (1YAPF), two years after the prescribed fire (2YAPF), four years after the
prescribed fire (4YAPF), and 17 years after the prescribed fire (17YAPF). Different letters represent
significant differences at a p < 0.05. * p < 0.05, ** p < 0.01, *** p < 0.001. N = 30.
Soil







Min 7.37 7.73 7.63 7.60 7.29 7.07
Max 8.11 8.23 7.91 7.79 8.24 7.63
Mean 7.83 8.00 7.77 7.71 7.76 7.37
SD 0.14 0.13 0.07 0.05 0.18 0.13
Variance 0.02 0.02 0.01 0.00 0.03 0.02
*** b a bc c bc d
OC (%)
Min 3.55 4.32 6.54 7.77 4,54 1.10
Max 21.98 24.74 14.18 12.17 12.98 12.51
Mean 10.32 11.53 11.42 10.09 8.56 5.39
SD 4.56 4.04 1.70 1.10 2.00 2.85
Variance 20.76 16.34 2.90 1.21 3.76 8.13
*** ab a a ab b c
N (%)
Min 0.26 0.32 0.29 0.23 0.20 0.32
Max 0.53 0.64 0.64 0.50 0.50 0.94
Mean 0.36 0.46 0.48 0.34 0.32 0.63
SD 0.08 0.24 0.11 0.07 0.08 0.14
Variance 0.01 0.06 0.01 0.00 0.01 0.02
*** c b b c c a
Ca2+ (ppm)
Min 16,710 13,830 5120 15,138 4578 9014
Max 29,900 31,280 13,420 21,731 9066 12,632
Mean 22,130 20,784 8836 18,179 6469 10,177
SD 4329 4121 2037 1668 869 790
Variance 18,748,186 16,990,130 4,149,975 2,783,349 756,751 625,038
*** a a c b d c
Mg2+ (ppm)
Min 614 960 320 533 474 325
Max 1583 1444 830 838 886 640
Mean 1006 1244 507 627 713 446
SD 254 139 130 67 78 73
Variance 63,476 19,543 17,043 4522 6173 5446
*** b a d c c d
K+ (ppm)
Min 697 900 459 606 563 460
Max 1732 1816 928 1003 956 865
Mean 1132 1326 665 738 771 591
SD 319 246 134 95 96 98
Variance 101,881 60,900 18,183 9155 9273 9617
*** b a cd c c d
P2O5 (ppm)
Min 49.12 5.98 78.95 105.20 41.20 45.00
Max 138.01 245.72 253.16 320.44 142.54 143.55
Mean 84.70 132.24 137.25 216.53 65.24 69.61
SD 24.33 42.62 36.59 48.89 20.28 19.39
Variance 591.74 1816.65 1338.91 2390.59 411.39 375.89
*** c b b a c c
CaCO3 (%)
Min 21.48 19.57 11.01 20.60 21.00 21.60
Max 43.61 32.97 28.76 30.91 29.05 29.13
Mean 28.72 24.34 20.80 24.28 25.87 24.54
SD 4.30 3.23 3.86 2.04 1.99 1.67
Variance 18.50 10.45 14.95 4.16 4.03 2.81
*** a b c b b b
The RDA allows us to determine differences in soil properties over time. Factor 1 in the RDA
explains 27.7% of the variance, and Factor 2 explains 26.7% of the variance, that is, a combined total of
54.4% of the variance. The variables with the highest explanatory capacity are Ca2+, Mg2+, and pH,
while those with the lowest capacity are CaCO3 and OC. The RDA clearly separates the prescribed fire
events that played an important role—that is before the prescribed fire (BPF), after the prescribed fire
(APF), and two years after the prescribed fire (2YAPF)—from those that happened some time after
the prescribed fire. Ca2+ could be associated with BPF, Mg2+, pH, K+, OC, and CaCO3 were closely
associated with APF, and P2O5 was associated with 2YAPF (Figure 2).
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4. Discussion
4.1. pH
Changes in pH after a fire can be attributed to the oxidation of the organic matter and the
incorporation of cations produced by combustion [27]. According to the literature, after a PF,
different outcomes are found: some studies report no changes in the pH in their soils [28,29], some
observe no significant changes [30], while others report an increase [31,32].
The reasons for these changes, significant or otherwise, as well as for the lack of alterations
in soil pH, after prescribed burns appear to be related to any treatments conducted prior to fuel
combustion [30], and, according to Alcañiz et al. [15], the intensity at which the fire burned at the
surface and in the first few centimeters of the soil layer. Various authors, including [15], stressed that
the recurrence of prescribed fires at short time intervals can also have a differential impact on soil
pH. This conclusion is ratified by Muqaddas et al. [33], who reported the effects of periodic PFs with
frequency regimes of two and four years over a 35-year period.
Here, we found a significant increase in pH after the first burn, but no significant change was
recorded after the second. This behavior can be attributed to there being more fuel to burn in the first
PF as different species of bush had colonized the area, whereas during the second burn, what was
burnt was largely dry grasses. Moreover, in line with the findings of Muqaddas et al. [33], repeated PFs
at the same site result in different impacts on a soil’s chemical qualities.
Few studies have examined the pH changes in soils subject to grazing. However, Teague et al. [34]
reported significant pH changes and variations depending on whether grazing is intense
(‘heavy continuous’) or more moderate (‘light continuous’). Here, we found a statistically significant
decrease in pH values 13 years after goats were introduced (i.e., 17 years after the first PF). This decrease
is not unexpected if we consider (see below for more details) that the cation levels responsible for
higher pH values also undergo a decrease.
4.2. Organic Carbon and Total Nitrogen
Organic carbon (OC) is one of the most widely studied parameters in this context, given that it
is critical for understanding soil quality, whether it be for forestry or agriculture [35]. Most studies
report an increase in OC since with combustion, part of the organic matter that burns is partially
pyrolyzed [14]. In PFs of both high and low intensity, this causes OC levels to increase [36,37]. However,
in line with other parameters, the recurrence of PFs at short time intervals can reduce the magnitude of
these changes [33]. Here, we found that the changes after the first PF were more noticeable than those
after the second, when OC levels actually fell.
In the case of grazing, Teague et al. [34] reported that plots subject to heavy continuous grazing
had the lowest levels of organic carbon. Qasim et al. [38] reviewed 12 studies from around the globe
comparing non-grazed plots with those used for grazing, and reported a fall in OC levels in all cases,
with just one of the studies not reporting a significance greater than 95%. In our study, we also recorded
a statistically significant decrease in OC levels 4YAPF and the introduction of livestock grazing, which is
logical if we consider that there is less vegetation after the reintroduction of goats.
Most studies reported an increase in nitrogen after a prescribed burn [15,39]; however, some did
not find any significant change [40]. Úbeda et al. [10] associated this increase to the incorporation of
micro ash particles produced by combustion into the soil.
In Capafonts, while there was no significant increase in nitrogen after the first PF, we did
record a significant rise after the second burn. Similar responses have been recorded by both
Muqaddas et al. [33] and Blankenship and Arthur [41]. In these two studies, plots were also burned
every two years, suggesting that such frequent burning does not provide sufficient time for the
stabilization of certain soil parameters.
In the case of grazing, some studies reported a decrease in soil nitrogen following the passage of
cattle [38] compared to soils on which cattle had not been allowed to graze. However, in Capafonts,
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nitrogen increased considerably, which may be due to the type of vegetation grown on this plot.
Brachypodium phoenicoides is a legume and, apart from having high nitrogen content [42], it has been
shown to be a good nitrogen fixer in the soil [43].
4.3. Cations
Various studies indicate that PFs act to trigger a change in levels of calcium, magnesium,
and potassium, as well as changes in the distribution of these cations [44]. Some report an increase
after a PF [31,39], as occurred at the Capafonts plot after the first burn, although not after the second.
The small quantity of ash produced by the first fire could account for this increase, while the washing or
leaching of ash following the second fire might explain why cation values fell. Several studies have also
examined the duration of these increases, with some reporting long-term effects [32] and others finding
only very ephemeral changes [45]. Alcañiz et al. [15] found that after burning, and once the vegetation
had begun to recover (after a year), there was a very significant reduction in potassium levels due to
leaching and the high consumption of this cation by plants. Here, we recorded a similar trend. Overall,
Alcañiz et al. [15] concluded that PFs are beneficial because they increase nutrient availability.
In line with our findings here, Teague et al. [34] found a statistically significant decrease in the
content of calcium and potassium in grass grazing. These authors attribute part of the decline in these
cations to erosive processes in places of heavy grazing. However, in Capafonts, the decrease must be
attributable to the consumption of these cations by plants, given that our plot is a terrace, and as such
provides no slope for erosive processes to occur.
4.4. Phosphorous
In the case of available phosphorus, we found an increase after both PFs. McKee [46] claimed that
PFs accelerate the phosphorus cycle, and that in places where limited phosphorus is available, PFs can
trigger levels of this nutrient. However, it is not advisable to set frequent PFs, because according
to Brye [28] in the United States, annual PFs over a 12-year period significantly reduced the soil
phosphorus content.
Teague et al. [34] found no changes in phosphorus levels in association with heavy or light grazing.
Likewise, our data showed no statistically significant change in phosphorus content, rising only slightly
from 65.24 mg/kg to 69.61 mg/kg between 2005–2017.
However, Aarons et al. [47] and Sharpley and Moyer [48] reported an increase in assimilable
phosphorus in the soil, which they attribute to cattle droppings. However, here, given that the number
of goats grazing the plot was small, phosphorous levels in the soils of Capafonts did not increase
following the reintroduction of livestock on the terraces.
4.5. Calcium Carbonates
Various studies have attributed the changes in soil CaCO3 content after a fire to the incorporation
of ash. Pereira et al. [14], in studies conducted both in Portugal and Catalonia, showed how the ash
resulting from a very severe combustion (white ash) contains a high percentage of CaCO3. However,
here, we recorded an overall fall in CaCO3 content, which could indicate that the PFs were not severe
enough to create intense burning.
In the case of grazing, CaCO3 content is typically reported as increasing. Stavi et al. [49] found that
there was an increase of CaCO3 content with livestock grazing, although they detected the importance
of plot orientation in relation to the predominant vegetation type. This suggests that the vegetation
available to the livestock is determined by the soil’s calcium carbonate content.
4.6. Multivariable Analysis and Soil Quality in 2017
The multivariable analysis shows that the groups of variables, and the changes in soil properties,
are largely determined by the two prescribed burns, and as such, this type of management practice
Agronomy 2019, 9, 340 9 of 12
produces greater changes than those resulting from controlled grazing. This is particularly true of the
first prescribed burning, around which a large number of variables are grouped.
The soil properties recorded at the Capafonts site in 2017 were compared with the reference values
published in various studies conducted on soils dedicated to the cultivation of grazing to provide
grazing for different types of livestock. INIA [50], Espinoza et al. [51], and Sela [52] established a range
of reference values for P2O4 from >30 to 100 mg/kg. The corresponding value for Capafonts stands at
69.61 mg/kg, which means it lies within these limits. In the case of the cations (i.e., Ca, Mg, and K) the
values recorded at Capafonts (see Table 1) are above the minimum values specified as references by
Sela [52], namely 2000 mg/kg in the case of calcium, 180 mg/kg in that of magnesium, and between
200–800 mg/kg for potassium. Espinoza et al. [51] also established an optimal percentage value for OC
in soils for grazing. The minimum value of 1.16% is well below that of 5.39% recorded at Capafonts.
Therefore, we can conclude that exposure to prescribed burnings and 13 years of goat herding
have not degraded the soils’ chemical properties with the exception of a slight magnesium deficiency,
according to the recommended limits identified by Landon [53]. However, the other references
consulted do not consider this level unsuitable for grazing. Likewise, AQM [54] recommended a 1%
nitrogen level for grazing soils, while our sample has a level of 0.63%, albeit that nitrogen levels at
our site have increased in recent years after falling as low as 0.32% (see Table 1). Overall, the soil
quality data indicated that the soil of the Capafonts plot is of optimum quality and has not suffered
degradation over time.
5. Conclusions
Prescribed burns are a good tool for managing the accumulation of forest fuel, but repeating PFs
every two years can result in soil nutrient loss.
The soil parameters analyzed herein present a normal variation if we consider their exposure to
prescribed fires and goat browsing. While the changes in the soil’s chemical properties are significant,
this does not mean that PFs and livestock farming should be shunned. Indeed, on the basis of the data
reported herein, the state of the soil today, 17 years after the first PF, can be considered optimal.
A recommendation that could be made to GRAF firefighters when setting prescribed burns is to
ensure that the fires do not acquire any great intensity, as it has been shown that high-intensity PFs
reduce soil phosphorus content. Therefore, the next step is to sit the GRAF firefighters, the local council,
and livestock farmers down at the same table to consider the best timing for the next PF in Capafonts.
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